f (19) 

C 

1 




Europaisches Patentamt 
European Patent Office 
Office eur peen des brevets 



(11) 



iiiiii 

EP0 885 913 AH 



(12) 



EUROPEAN PATENT APPLOCATOON 
published in accordance with Art. 158(3) EPC 



(43) Date of put3lication: 

23.12.1998 Butletini 998/52 

(21 ) App!icatK>n number: 97946152.2 

(22) Date of filing: 08.12.1997 



(51) intCl.^: C08G 65/22. C08G 65/08, 
C08G 77/46, C08G 59/22, 
C08F 299/02. G08L 71/02. 
C08L 83/12, C08L 63/00. 
C08K3/24, C08K5/42, 
H01M 6/18. H01M 10/40. 
H01G 9/025 

(86) International application number: 
PCT/JP97/04499 

(87) International publtcation number: 

WO 98/25990 (18.06.1998 Gazette 1998/24) 



(84) D€»«cgn>(ttsd Contracting States: 
DIE iFR GQ IT 

(30) Prcriry GSL^2.1S3SJtP 328422/96 
2&12.19SS JP 345244/96 

(71) AppJtcana OAIISO Ca, LTD. 
Oss)(o$(^, Osattsi 550 (JP) 

(72) Inventors 

• WATANABE, fttosayoshi 
Yototo9m>-sffii Kanagawa 220 (JP) 



• MIURA, Katsuh'ito 
Sanda-shi Hyogo 669-13 (JP) 

• YANAGIDA, iWiasanGri 
Amagasaki-shi Hyogo 660 (JP) 

• HIGOBASHi, Hiraki 
Amagasaki-shi Hyogo 661 (JP) 

• ENDO, Takahiro 
Amagasaki-shi Hyogo 661 (JP) 

(74) Representative: 

VOSSIUS & PARTNER 
Slebertstrasse 4 
81675 Munchen (DE) 



CO 
& 

00 
09 



(54) COPOLVETHEiR AMD SOLID POLYEMER ELECTROLYTE 

(57) A soJcd polymer electrolyte obtained by blend- 
ing (1) a poiyether copolymer having a main chain, 
which is derived form ethylene oxide, and a side chain 
having two oligooxyethylene groups, (2) an electrolyte 
salt compourtd. and. if necessary. (3) a plasticizer which 
is any one of an aprotic organic solvent or a derivative or 
metal salt of a polyalkylene glycol having a number- 
average molecular weght of 200 to 5,000 or a metal salt 
of the dertvatrve. is superior in ionic conductivity and 
also superior in pfocessability, moldabifity and mechan- 
ical strength to a conventional solid electrolyte. A sec- 
ondary t>attery is constructed by using the solid polymer 
electrolyte m combination with a lithium metal negative 
electrode and a lithium cobaltate positive electrode. 
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I Description 

FIELD OF THE INVENTION 

5 The present invention relates to a polyether copolymer and a solid polymer electrolyte. More particularly, it relates 

to a solid polymer electrolyte which is suitable as a material for an electrochemical device such as a battery, a capacitor 
•and a sensor. 

RELATED ART 

10 

As an electrolyte constituting an electrochemical device such as a battery, a capacitor and a sensor, those in the 
form of a solution or a paste have hitherto been used in view of the ionic conductivity. However, the following problems 
are pointed out. That is. there Is a fear of damage of an apparatus arising due to liquid leakage, and subminiaturization 
and thinning of the device are limited because a separator to be Impregnated with an electrolyte solution is required. To 

75 the contrary, a solid electrolyte such as inorganic crystalline substance, inorganic glass and organic polymer substance 
is suggested. The organic polymer substance is generally superior in processability and moldability and the resulting 
solid electrolyte has good flexibility and bending processability and, furthermore, the design freedom of the device to 
be applied is high and, therefore, the development is expected. However, the organic polymer substance is inferior in 
ionic conductivity to other materials at present. For example, a trial of containing a specific alkaline metal salt in a mix- 

20 ture of an epichlorohydrin rubber and a low-molecular weight polyethylene glycol derivative and applying the resultant 
to a solid polymer electrolyte is suggested in Japanese Patent Kokai Publication No. 235957/1990 including the present 
applicant, but a practically sufficient conductivity value is not still obtained. Furthermore, a solid polymer electrolyte pre- 
pared by crosslinking a polymeric compound which has been described in Japanese Patent Kokal Publication Nos. 
47833/1991 and 68064/1992 shows a comparatively good ionic conductivity within the practical temperature range, but 

25 those having more excellent mechanical characteristics and ionic conductivity are required. 

SUMMARY OF THE INVENTION 

An object of the present invention provides a solid electrolyte which is superior mechanical properties and ionic 
30 conductivity. 

The present invention provides a polyether copolymer having a weight-average molecular weight of 10^ to 10^. 
which is optionally crosslinked, comprising: 

(A) 0.5 to 99% by mol of a repeating unit derived from a monomer represented by the formula (I): 

35 

CH-0-eCH5-CH5-0-)7s-R^ 
CH— CH-CH-O-CH ^'^ 

^0 \/ CHj-o-ecH-CH-o-hrR* 



wherein each of and R^ represents a group selected from an alkyi group having 1 to 12 carbon atoms, an alkenyl 
45 group having 2 to 8 cart>on atoms, a cycloalkyi group having 3 to 8 carbon atoms, an aryl group having 6 to 1 4 car- 
bon atoms, an aralkyi group having 7 to 12 carbon atom and a tetrahydropyranyl group; and each of m and n rep- 
resents numeral of 1 to 12; 

(B) 99.5 to 1% by mol of a repeating unit derived from a monomer represented by the formula (II): 



so 



CH,-CH, („) 



; and 

(C) 0 to 1 5% by mol of a repeating unit derived from a monomer having one epoxy group and at least one reactive 
functional group. 
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^ The present invention provides a solid polymer electrolyte comprising: 

'«' 

( 1 ) the above polyether copolymer. 

(2) an electrolyte salt compound, and, 

5 (3) If necessary, a plasticizer selected from the group consisting of an aprotic organic solvent, and a derivative or 

metal salt of a linear or branched polyalkylene glycol having a number-average molecular weight of 200 to 5.000 or 
a metal salt of said derivative. 

The present invention also provides a battery comprising the above solid polymer electrolyte. 
10 A crosslinked material of the polyether copolymer is used when the shape stability at high tennperature Is required. 
When the plasticizer is blended with the solid polymer electrolyte, the crystallization of the polymer is inhibited and 
the glass transition temperature is lowered and a large amount of an amorphous phase is formed even at low temper- 
ature arxj. therefore, the ionic conductivity is improved. It has been also found that, when the solid polymer electrolyte 
of the present invention is used, a high-performance battery having small irrternal resistance can be obtained. The solid 
IS polymer electrolyte of the present invention may be in the form of a gel. The term "gel** used herein means a polymer 
swollen with a solvent 

DETAILED DESCRIPTION OF THE INVENTION 
20 The repeating unit (C) may be derived from a monomer of the formula (III-1) or (III-2): 

CH2~CH 



25 



\ / 011-1) 
o 



,CH2-CH-R* 
/ \ 
30 CHo ^CHo 

X / (III-2) 

CH-CH 
\ / 
O 



35 



40 



45 



wherein and R"* represent a reactive functional group-containing group. 

The polyether polymer of the present invention cornprlses (A) a repeating unit derived from a monomer (I): 

-^CHg-CH-O-)- 

CH2 CHg-O-t-CHs-CHa-O-hn-R^ 

O CH ^ 

CHg-O-f-CHa-CHa-O-hrR 



so wherein each of and is a group selected froma alkyi group having 1 to 12 carbon atoms, an alkenyl group having 
2 to 8 carbon atoms, a cycloalkyi group having 3 to 8 carbon atoms, an aryl group having 6 to 14 cartx>n atoms, an 
aralkyi group having 7 to 12 carbon atoms and a tetrahydropyranyl group: and each of m and n is a numeral of 1 to 12. 
and 

(B) a repeating unit derived from a monomer (II): 



55 



4CH2-CH2-0^ (ir) 
The polyether copolymer optionally comprises (C) a repeating unit derived from a monomer having one epoxy 
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ft group and at least one reactive functional group. A crosslinked material can be derived from the polyether copoiymer 
• having the repeating unit (C) by utilizing the reactivity of the reactive functional group. 

The copolymer used in the present invention may be crosslinked or not crosslinked. Examples of a crosslinking 
*agent for aosslinking a binary copolymer having the repeating unit (1) and the repeating unit (M ) specifically include iso- 
cyanate compx)unds such as 2.4-tolylene diisocyanate. 2,6-tolyiene diisocyanate, 4,4-diphenylmethane dlisocyanate 
and hexamethylene diisocyanate. 

The repeating unit (C) derived from a monomer of the formula (III-1 ) or (III-2) is represented by the formula (lir-1 ) 
Of (III -2) 

-i-CH-CH-O-^ (lir-l) 



15 



CH2-CH— 



20 



wherein and represent a reactive functional group-containing group. 

Th reactive Cunct»onai group in the repeating unit (C) is preferably (a) a reactive silicon group, (b) an epoxy group, 
(c) an ethy<«nacAiiy unsaturated group, or (d) a halogen atom. 

25 Th potyntet iratoon method of the polyether copolymer, which may have a crosslinkable side chain, of the present 
invention is the poiymenzatton nnethod wherein a copolymer is obtained by a ring opening reaction of ethylene oxide 
portion and can t>e conducted in the same manner as that described in Japanese Patent Kokai Publication Nos. 
154736/1^ and 169823/1987 filed by the present applicant 

The pdymefizatton reaction can be conducted as follows. That is, the polyether copolymer can be obtained by 

30 reacting the respective monomers at the reaction temperature of 1 0 to 80**C under stirring, using a catalyst mainly con- 
taining an o^ganoaJuminum. a catalyst mainly containing an organozinc. an organotin-phosphate ester condensate cat- 
alyst and the hke as a ring opening polymerization catalyst in the presence or absence of a solvent. Among of them, the 
organotin-phosphate ester condensate catalyst is particularly preferable in view of the polymerization degree, or prop- 
erties of the resuttirtg copolymer and the like. In the polymerization reaction, the reactive functional group does not react 

35 so that a copofymer having the reaction functional group is obtained. When an oxirane compound having an epoxy 
group at only the fcjoth ends is used, an only epoxy group containing no substituent such as no methyl group is used for 
polymerization and an epoxy group containing a methyl group remains in the polymer without any reaction. 

In the poJyether copolymer of the present invention, the content of the repeating unit (A) is from 0.5 to 99% by mol, 
e.g. from 3 to 99% by mol, particularly from 1 0 to 95% by mol, and especially from 1 0 to 80% by mol; the content of the 

40 repeating unit (B) is from 99.5 to 1% by mol. e.g. from 95 to 1% by mol, particularly from 90 to 5% by mol. and specifi- 
cally from 80 to 5% by nx)I; and the content of the repeating unit (C) is from 0 to 15% by mol. e.g. 0 to 10% by mol, 
preferatsly from 0 to 5% by mol, and particularly 0.001 to 5% by mol. When the content of the repeating unit (B) exceeds 
99.5% by mol. an incfease in glass transition temperature and crystallization of the oxyethylene chain arise, which 
results in drastx; deterioration of the ionic conductivity of the solid electrolyte. It is generally known that the ionic con- 

45 ductivity is improved t>y the decrease of the crystallizability of polyethylene oxide. It has been found that, in case of the 
polyether copdyrrief of the present invention, the effect for improvement of the ionic conductivity is remarkably large. 

With respect to the mdecular weight of the polyether copolymer, the weight-average molecular weight is suitable 
within the range from 1 0^ to 1 0^. and preferably from 1 0"* to 5 x 1 0^. so as to obtain excellent processability. moldability. 
mechanical strength and flexibility. More preferably it is from 5 x 1 0^ to 5 x 1 0^. particularly from 1 0^ to 5 x 1 0^. 

so A glass transition tennperature and a fusion heat of the polyether copolymer are measured by a differential scanning 
calorimeter (DSC) In the present invention, the glass transition temperature of the polyether copolymer is preferably 
not more than -eo^C. more preferably not more than -63**C, e.g. not more than -65*^0. The fusion heat of the polyether 
copolymer is preferably not more than 90 J/g. e.g. not more than 70 J/g, specifically not more than 60 J/g. particularly 
not nxjre than 50 J/g 

55 The polyether copolymer of the present Invention may be any copolymer type such as a block copolymer arxJ a ran- 
dom copolymer, tut the random copolymer is preferable because the effect for reduction of the crystallizability of poly- 
ethylene oxide is large. The polyether copolymer of the present invention is a polyether copolymer having a side chain 
with two oligooxyethylene groups and, if necessary, a side chain containing a crosslinkable reactive functional group. 
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* The polyether copolymer of the present invention is a copolymer formed from at least two monomers. 

The polymerization degrees m and n of the oxyethylene unit of the side chain portion in the monomer (I), which con- 
stitutes the repeating unit (A), are from 1 to 12, e.g. from 1 to 6. respectively. When the polymerization degree n 
exceeds 12, the ionic conductivity of the resulting solid polymer electrolyte is unfavorably deteriorated. When or 
5 represents an alkyi group, the preferable carbon number of the alkyi group is from 1 to 6. particularly from 1 to 3. When 
or R^ represents an alkenyl group, the preferable carbon number of the alkenyl group is from 2 to 6, particularly from 
2 to 4. In the monomer (I), R^ and R^ may be a methyl group, an ethyl group, a propyl group, a butyl group, a pentyl 
group, a hexyl group, an allyl group or a cyclohexyl group. 

The monomer having a reactive silicon group, which constitutes the repeating unit (C). is preferably represented by 
10 the formula (I l!-a-1): 

CH2-CH— 

\V ("J-a-l) 
O 



wherein is a reactive silicon-containing group, 
CO or the formula (lll-a-2): 

^CHg-CH-R^ 

/ \ 
„ CH2 ✓CHp 

\ / (lll-a.2) 
CH-CH 
\ / 
O 



30 



35 



40 



wherein R'* is a reactive silicon -containing group. 

The reactive silicon group-containing monomer represented by the formula (lil-a-1) is preferably a compound rep- 
resented by the formula (lll-a-1-1) or (lll-a-1-2). 

T 

O R 



45 



CH2-CH-(-CH2 V-Si-R' ^'"'^'^ '^^ 

O R 

50 The reactive silicon group-containing monomer represented by the formula (lll-a-2) is preferably a compound rep- 
resented by the formula (lll-a-2-1). 
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' 6 

CHg-CH-tCHatir-Si-R* (lll-a-2-1) 

CHo ^CHo R 

N / 
CH— CH 
\ / 
O 



In the formulas (lll-a-1 -1), (lll-a-1-2) and (iM-a-2-1), R^, and may be the same or different, but at least one of 
them represents an alkoxy group and the remainder represent an alkyi group; and k represents 1 to 6. 

Examples of the monomer represented by the formula (lll-a-1-1) include 1-glycidoxymethyltrimethoxystlane, 1- 
glycidoxymethylmethyldimethoxysilane, 2-glycidoxyethyltrimethoxysilane, 2-glycidoxyethylmethyldimethoxysilane. 3- 
glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropyltrimethoxysilane, 4-glycidoxybutylmethyldimethoxysilane, 4- 
glycidoxybutyl methyltr imethoxysilane, 6-glycidoxyhexylmethyldimethoxysilane and 6-glycidoxyhexytmethyltrimethox- 
ysilane. 

Examples of the monomer represented by the formula (ni-a-1-2) include 3-(1, 2-epoxy) propyltrimethoxysilane, 3- 
(1, 2-epoxy) propylmethyldimethoxysilane. 3-(1, 2-epoxy) propyldimethylmethoxysilane, 4-(1, 2-epoxy) butyltrimethox- 
ysilane. 4-(1, 2-epoxy) butylmethyldimethoxysilane. 5-(1. 2-epoxy) pentyltrimethoxysilane, 5-(1. 2-epoxy) pentylmethyl- 
dimethoxysilane, 6-(1 . 2-epoxy) hexyltrimethoxysilane and 6-(1 , 2-epQxy) hexylmethyldimethoxysllane. 

Examples of the monomer represented by the formula (ltl-a-2-1) include 1 -(3, 4-epaxycyclohexyl) methyltrimelhox- 
ysilane, 1-(3, 4-epoxycyclohexyl) methylmethyldimethoxysilane. 2-(3. 4-epoxycyclohexyl) ethyltrimethoxysilane. 2-(3. 4- 
epoxycyclohexyl) ethyl methyldimethoxysilane. 3-{3. 4-epoxycyclohexyl) propyltrimethoxysilane, 3-{3, 4-epoxycy- 
clohexyOpropylmethyldimethoxysilane. 4-(3. 4-epoxycyclohexyl) butyltrimethoxysilane and 4-(3, 4-epoxycyclohexyl) 
butylmethyldimethoxysilane. 

Among them. 3-glycidoxypropyltrimethoxysilane. 3-glycidoxypropylmethyldimethoxysllane, 4-(1. 2-epoxy) butyltri- 
methoxysilane, 5-(1 . 2-epoxy)pentyltrimethoxysilane and 2-(3. 4-epQxycyclohexyl)ethyltrimethoxysilane are particularly 

preferable. 

The monomer having two epoxy groups, which constitutes the repeating unit (C), is preferably represented by the 
formula (lll-b): 

CH3 
7 • 

CH^-CH-R^-C— CH2 (IJKb) 
O O 



wherein R^ is a divalent organic group. The monomer having two epoxy groups preferably has an epoxy groups at the 
both ends. is preferat)ly an organic group comprising elements selected from hydrogen, carbon and oxygen. 
It is preferable that the group R^ in the formula (lll-b) is 

-CH2-0-(CH -CH A2-0)m-CH2-. 
-(CH2)^-. or 
-CHgO-Ph-OCHg- 

wherein A^ and A^ represent hydrogen or a methyl group; Ph represents a phenylene group; and m represents a 
numeral of Oto 12. 

The monomer having two epoxy groups is preferably a compound represented 
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? 



Ha 



£ CHs-CH-CHz-O-fCHA^-CHA^-O-Js^CHa-q^CHa ( |||.b-1 ) 

O O 
CH3 

10 CHg— CH-(CH2);S"P;^CH2 (lll-b-2) 

o o 

IS by the following formula (lll-b-1). (lll-b-2) or (lll-b-3): 

In the above formulas (lll-b-1). (lll-b-2) and (lll-l>3), A'' and fi? represent hydrogen or a methyl group; and m rep- 
resents a numeral of 0 to 12. 

Examples of the monomer represented by the formula (lll-b-1) include 2. 3-q3axypropyl-2', 3'-epoxy-2'-methyl pro- 
pyl ether, ethylene glycol-2, 3-epoxypropyl-2', 

20 

O-CH2-CH— CH2 

V 

« L^J (lll-b-3) 

CH2 ^^^2 

o 



30 




3'-epoxy-2 '-methyl propyl ether, and diethylene glycol-2, 3-epoxypropyl-2', 3'-epoxy-2'-methyi propyl ether. Examples of 
the monomer represented by the formula (lll-b-2) include 2-methyl-1 , 2, 3. 4-diepoxybutane, 2-methyl-1 . 2. 4. 5-diepox- 
35 ypenatane. and 2-methyl-1, 2. 5, 6-diepaxyhexane. Examples of the monomer represented by the formula (lll-b-3) 
include hydroqufnone-2, 3-epoxypropy[-2*. 3*-epQxy-2 -methyl propyl ether, and Gatechol-2. 3-epoxypropyl-2\ 3*-epoxy- 
2'-methyl propyl ether. 

Among them, 2, 3-epoxypropyh2*. 3'-epoxy-2'-methyl propyl ether and ethylene glycol-2. 3-epoxypropyl-2\ 3'- 
epoxy-2*-methyl propyl ether are particularly preferable. 
40 The monomer having the ethylenically unsaturated group, which constitutes the repeating unit (C), is preferat3ly 
represented by the formula (lll-c): 

CH— CH-R® m-c) 

45 \ / 

o 

wherein is a group having an ethylenically unsaturated group. 

so As the ethylenically unsaturated group-containing monomer, there can be used allyl glycidyl ether, 4-vinylcy- 
clohexyl glycidyl ether, a-terpinyl glycidyl ether, cyclohexenylmethyl glycidyl ether, p-vinylbenzyl glycidyl ether, allylphe- 
nyl glycidyl ether, vinyl glycidyl ether, 3, 4-epoxy-1 -butene, 3. 4-epoxy-1-pentene, 4, 5-epoxy-2-pentene, 1, 2-epoxy-5, 
9-cyclododecadiene. 3. 4-epoxy-1 -vinylcyclohexene, 1 . 2-epoxy-5-cyclooctene, glycidyl acrylate. glycidyl methacrylate, 
glycidyl sorbate. glycidyl dnnamate. glycidyl crotonate. glycidyl-4-hexenoate. oligoethylene glycol glycidyl ether acr- 

55 ylate having 1 to 12 oxyethylene chains, oligoethylene glycol glycidyl ether methacrylate having 1 to 12 oxyethylene 
chains, oligoethylene glycol allyl glycidyl ether having 1 to 12 oxyethylene chains or 
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H^C^— CHCHpCCHCH^O)— CH-CH==C^^ 
O CH2CI 

(n=1-12). 

Preferable examples thereof include allyl glycidyl ether, glycidyl acrylate and glycidyl methacrylate. 
The monomer (C) having a halogen atom is preferably represented by the formula (lll-d): 

CH— CH-R^ flil-cn 
O 

wherein is a group having at least one halogen atom. may be, e.g. an alkyi group substituted with a halogen atom. 
Examples of the monomer having a halogen atom include: 

CH— CH-CH-X 
O 



wherein X is a halogen atom, particularly a bromine atom (Br) or an iodine atom (I). Examples of the monomer having 
a halogen atom include epibromohydrin and epiiodohydrin. 

As the crosslinking method of the copolymer wherein the reactive functional group is a reactive silicon group, the 
crosslinking can be conducted by the reaction between the reactive silicon group and water. In order to increase the 
reactivity, there may be used, as a catalyst, organometal compounds, for example, tin compounds such as dibutyltin 
dilaurate. dibutyltin maleate, dibutyltin diacetate. tin octylate and dibutyltin acetylacetonate; titanium compounds such 
as tetrabutyl titanate and tetrapropyl titanate; aluminum compounds such as aluminum trisacetyl acetonate. aluminum 
trisethyl acetoacetate and diisopropoxyaluminum ethylacetoacetate; or amine compounds such as butylamine, 
octylamine. laurylamine, dibutylamine, monoethanolamine. diethanolamine. triethanolamine. diethylenetriamine. triety- 
lenetetraamine. cyclohexylamine, benzylamine, diethylaminopropylamine, guanine and diphenylguanine. 

As the crosslinking method of the copolymer wherein the reactive functional group is an epoxy group, polyamines, 
acid anhydrides and the like can be used. 

Examples of the polyamines include aliphatic polyamines such as diethylenetriamine, dipropyleneiriamine, triethyl- 
enetetramine, tetraethylenepentamine, dimethylaminopropylamine. diethylaminopropylamine, dibutytaminopro- 
pylamine, hexamethylenediamine. N-aminoethylpiperazine. bis-aminopropylpiperazine. trimethylhexamethylene- 
diamine and dihydrazide isophthalate; and aromatic polyamines such as 4, 4'-diaminodiphenyl ether, diaminodiphenyl 
sulfone, m-phenylenediamine, 2, 4-toluylenediamine. m-toluylenediamine. o-toluylenediamine and xylylenediamine. 
The amount of the polyamine varies depending on the type of the polyamine, but is normally within the range from 0.1 
to 10% by weight based on the whole composition excluding a plasticizer (that is, a composition excluding a plasticizer 
from a solid electrolyte). 

Examples of the acid anhydrides includes maleic anhydride, dodecenylsuccinic anhydride, chlorendic anhydride, 
phthalic anhydride, pyromellitic anhydride, hexahydrophthalic anhydride, m ethyl hexahydrophthalic anhydride, tetrame- 
thylenemaleic anhydride, tetrahydrophthalic anhydride, methyltetrahydrophthalic anhydride and trimellitic anhydride. 
The amount of the acid anhydrides varies depending on the type of the acid anhydride, but is normally within the range 
from 0.1 to 10% by weight based on the whole composition excluding a plasticizer. In the crosslinking. an accelerator 
can be used. In the crosslinking reaction of polyamines, the accelerator include phenol, cresol, resorcin. pyrogallol. 
nonyl phenol and 2, 4. 6-tris(dimethylaminomethyl)phenol. In the crosslinking reaction of the acid anhydride, the accel- 
erator include benzyldimethylamine. 2, 4, 6-tris(dimethylaminomethyl)phenol. 2-(dimethylaminoethyl)phenol. dimethyl- 
aniline and 2-ethyl-4-methylimidazole. The amount of the accelerator varies depertding on the type of the accelerator, 
but is normally within the range from 0.1 to 10% by weight based on the crosslinking agent. 

In the crosslinking method of the copolymer wherein the reactive functional group is ethylenically unsaturated 
group, a radical initiator selected from an organic peroxide and an azo compound, or active energy ray such as uttravi- 
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" olet ray and electron ray can be used. It is also possible to use a crosslinking agent having a silicon hydride. 

As the organic peroxide, there can be used those which are normally used in the crosslinking. such as a ketone 
peroxide, a peroxy ketal. a hydroperoxide, a dialkyi peroxide, a diacyl peroxide and a peroxy ester. Specific examples 
of the organic peroxide include methyl ethyl ketone peroxide, cyclohexanone peroxide. 1 .1-bis(t-butylperoxy)-3, 3. 5-tri- 

5 melhylcyclohexane, 2. 2-bis(t-butylperoxy)octane. n-butyl-4,4-bis(t-butytperoxy)valerate, t-butyl hydroperoxide, cumene 

- _ hydroperoxide. 2, 5-dimethylhexane-2. 5-dihydroperoxide. di-t-butyl peroxide, t-butylcumyl peroxide, dicumyl peroxide, 
a. a'-bis(t-butylperoxy-m-isopropyl)benzene. 2, 5-dimethyl-2, 5-dl(t-butylperoxy)hexane. 2. 5-dimethyl-2, 5-di(t-butylper- 
oxy)hexene. benzoylperoxide and t-butylperoxyisopropylcarbonate. The amount of the organic peroxide varies depend- 
ing on the type of the organic peroxide, but it is normally within the range from 0. 1 to 1 0 % by weight based on the whole 

10 composition excluding a plasticizer. 

As the azo compound, there can be used those which are normally used in the crosslinking, such as an azonitrile 
compound, an azoamlde compound and an azoamidine compound. Specific examples of the azo compound include 2. 
2'-azobisisobutyronitrile, 2.2 -azobis (2-methylbutyronltrlle), 2, 2*-azobls (4-methoxy-2, 4-dimethylvaleronjtrile), 2, Z- 
azobis(2. 4-dimethylvaleronitrile), 1, r-azobis (cyclohexane-1 -carbonitrlle), 2-(carbamoylazo) isobutyronitrile. 2-phe- 

75 nylazo-4-methoxy-2, 4-dimethyl-valeronitrtle. 2. 2-azobis (2-methyl-N-phenylpropionamidlne) dihydrochloride. 2. 2'-azo- 
bis [N-(4-chloropheny I) -2-methylpropionamidin e] dihydrochloride, 2 , 2'-azobis [N-(hydroxypheny1)-2- 
methylpropionamidine] dihydrochloride, 2, 2'-azobis [2-methyl-N-(phenylmethly) proplonamidine] dihydrochloride, 2,2'- 
azobts [2-methyl-N-(2-propenyl) propionamidine] dihydrochloride, 2,2'-azobis (2-methylpropionamidine) dihydrochlo- 
ride. 2. 2'-azobis [N-(2-hydroxyethyl)-2-methylpropionamidine]dlhydrochloride. 2. 2'-azobis[2-(5-methyl-2-imidazolln-2- 

20 y\) propane] dihydrochloride, 2, 2'-azobis[2-(2-lmldazolin-2-yl) propane] dihyrochloride, 2. 2'-azobls [2-(4,5,6,7-tetrahy- 
dro-1H-1,3-diazepin-2-yl) propane] dihydrochloride. 2. 2*-a2obis [2-(3,4,5.6-tetrahydropyrimldin-2-yl) propane] dihydro- 
chloride, 2, 2'-a2obis I2-(5-hydroxy-3,4.5,6-tetrahydropyrimidln-2-yl) propane] dihydrochloride. 2, 2'-a20bis{2-[1 -{2- 
hydroxyethyl)-2-imidazolln-2-yl] propane} dihydrochloride. 2. 2*-azobis [2-(2-imidazolin-2-yl) propane], 2. 2'-azobis {2- 
methyl-N-[1,1-bis(hydrQxymethyl)-2-hydroxyethyl] propionamide), 2, 2'-azobis {2-methyl-N-[1.1-bis (hydroxymethyl) 

25 ethyl] propionamide], 2, 2'-a2obis [2-methyl-N-(2-hydroxyethyl) propionamide], 2.2'-azobis (2-methylpropionamlde) 
dihydrate. 2. 2'-azobis (2,4,4-trimethylpentane). 2. 2'-azobls (2-methylpropane). dimethyl 2, 2*-azobisisobutyrate, 4. 4'- 
azobis (4-cyanovaleric acid) and 2.2'-azobis [2-(hydroxymethyl) propionitrile]. The amount of the azo compound varies 
depending on the type of the azo compound, but is normally within the range from 0.1 to 10% by weight based on the 
whole composition excluding a ptastidzer. 

30 In the crosslinking due to radiation of activated energy ray such as ultraviolet ray. glycidyi acrylate ester, glycidyl 
methacrylate ester and glycidyl cinnamate ester are particularly preferable among the monomer component repre- 
sented by the formula (lll-c). Furthermore, as the auxiliary sensitizer, there can be optionally used acetophenones such 
as diethoxyacetophenone. 2-hydroxy-2-methyl-1-phenylpropan-1-one, benzyldimethylketal, 1-(4-isopropylphenyl)-2- 
hydroxy-2-methylpropan-1-one. 4-(2-hydroxyethoxy) phenyl-(2-hydroxy-2-propyl) ketone, 2,2-dimethoxy-1,2-diphe- 

35 nylethan-1-one. 1-hydroxycyclohexyl-phenylketone and 2-methyl-2-morpholino (4-thiomethylphenyl) propan-1-one; 
benzoin ethers such as benzoin, benzoin methyl ether, benzoin ethyl ether, benzoin isopropyl ether and benzoin iso- 
butyl ether; benzophenones such as benzophenone, methyl o-benzoyi benzoate. 4-phenylbenzophenone. hydroxyben- 
zophenone, 4-benzoyl-4*-methyl-diphenyl sulfide, alkylated benzophenone. 3, 3\ 4, 4'-tetra (t-butylperoxycarkx>nyl) 
benzophenone. 4-benzoyl-N, N-dimethyl-N-[2'(1-oxo-2i3ropenyloxy) ethyl] benzenemethanaminium bromide and (4- 

40 benzoylbenzyl) trimethylammonium chloride; thioxanlhones such as 2-isopropylthioxanthone. 2, 4<limethylthioxan- 
thone. 2. 4-diethylthioxanthone and 2, 4-dichIorothioxanthone; azides such as azidopyrene. 3-sulfonylazidobenzoic 
acid. 4-5ulfonyIazldobenzoic acid, 2, 6-bis(4 -azidobenzal)cyclohexanone-2, 2'-disulfonic acid (sodium salt), p-azido- 
benzaldehyde. p-azidoacetophenone^ p-azidobenzoinic acid, p-azidobenzalacetophenone. p-azidobenzalacetone. 4. 
4'-diazidochalcone, 1 . 3-bis (4*-azidobenzal) acetone. 2. 6-bis (4'-azrdoben2al) cyclohexanone, 2, 6-bis(4-azidobenzal) 

45 4-methylcyclohexanone. 4, 4*-diazidostilbene-2. 2*-disulfbnic acid. 1. 3-bis (4'-azidobenzal)-2-propanone-2'-sulfonic 
acid and 1 , 3-bis (4'-azidocinnacylidene)-2-propanone. 

As a crosslinking aid. there can be optionally used ethylene glycol diacrylate. ethylene glycol dimethacrylate. oli- 
goethylene glycol diacrylate. oligoethylene glycol dimethacrylate, propylene glycol diacrylate. propylene glycol dimeth- 
acrylate. oligopropylene glycol diacrylate. oligopropylene glycol dimethacrylate, 1, 3-butylene glycol diacrylate, 1, 4- 

so butylene glycol diacrylate, 1, 3-glycerol dimethacrylate, 1,1, 1 -trimethylolpropane dimethacrylate, 1,1, 1 -trimethylo- 
lethane diacrylate, pentaerythritol trimethacrylate, 1 . 2. 6-hexanetriacrylate, sorbitol pentamethacrylate. methylenebi- 
sacrylamide, methylenebismethacrylamide divinyl benzene, vinyl methacrylate, vinyl crotonate. vinyl acrylate. vinyl 
acetylene, trivinyl benzene, triallyl cyanyl sulfide, divinyl ether, divinyl suHb ether, diallyl phthalate. glycerol trivinyl ether, 
allyl methacrylate. allyl acrylate, dialtyl maleate, diallyl fumarate. diallyl itaconate, methyl methacrylate, butyl acrylate. 

55 ethyl acrylate, 2-ethylhexyl acrylate. lauryl methacrylate, ethylene glycol acrylate. triallyl isocyanurate. maleimide. phe- 
nylmaleimide, p-quinonedioxime, maleic anhydride and itaconic acid. 

As the compound having a silicon hydride group, which is used for crosslinking the ethylenically unsaturated group, 
a compound having at least two silicon hydride groups can be used. Particularly, a polysiloxane compound or a polysl- 
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lane compound is preferable. 

Examples of the polysitoxane compound include a linear polyslloxane compound represented by the formula (a-1) 
or (a-2). or a cyclic polyslloxane compound represented by the formula (a-3). 



J2 



p14 Q16 

? ? ? 
si-oi-si-o-)sresi-ot 

R'* H 



»17 



-Si— R" 
R'« 



(a-1) 



p,11 ^13 

H-Si-Oi-Si-O^S7-SI-H 
I I I 

R'2 R^* 



(a-2) 



H 



R 
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R 
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R^^ 



(a-3) 



m 



In the formulas (a-1) to (a-3). R^^ r13 r14 ^15 r16 pi7 r18 r19 respectively represent a hydrogen 
atom or an alkyi or alkoxy group having 1 to 12 carbon atoms; and n^2, m^O, 2^m + n^ 300 . As the alkyi group, 
a lower alkyi group such as a methyl group and an ethyl group is preferable. As the alkoxy group, a lower alkoxy group 
such as a methoxy group and an ethoxy group Is preferable. 

As the polysilane compound, a linear polysilane compound represented by the formula (b-1 ) can be used. 



R20 
21 I 

R^Si^ 



V 

-tSi^R 



24 



(b-1) 



In the formula (b-1). R^^. R^\ R^^. R^^and R^^ respectively represent a hydrogen atom or an alkyi or alkoxy group 
having 1 to 12 cartx)n atoms; and n^2, m^O, 2 ^ m + n^ 100 . 

Examples of the catalyst of the hydrosilylation reaction include transition metals such as palladium and platinum or 
a compound or complex thereof. Furthermore, peroxide, amine and phosphine can also be used. The most popular cat- 
alyst includes dichlorobis(acetonltrile)palladium(ll), chlorotrls(triphenylphosphine)rhodium(l) and chloroplatinic acid. 

In the crosslinking method of the copolymer containing a halogen atom (e.g. a bromine atom or a iodine atom), for 
example, a crosslinking agent such as polyamines, mercaptoimidazolines. mercaptopyrimidines, thioureas and 
polymercaptanes can be used. Examples of the polyamines Include hexamethylenediamine carbamate, tri ethyl enete- 
tramine. tetraethylenepentamine, ethylenediamine carbamate, diethylenetriamine. dipropylenetriamine. dimethylamino- 
propylamine, diethylaminopropylamine, dibutylaminopropylamine. hexamethylenediamine, trimethylhexamethylene- 
diamine, diaminophenyl sulfone. m-phenylenediamine, 2, 4-toluylenediamine. m-toluylenediamine, o-toluylenediamine 
and xylylenediamine. Examples of the mercaptoimidazolines include 2-mercaptoimidazoline. 4-methyl-2-mercaptoimi- 
dazoline and 5-ethyl-4-butyl-2-mercaptoimidazoline. Examples of the mercaptopyrimidines include 2-mercaptopyrimi- 
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dine. 4. 6-dimethyl-2-mercaptopyrimidine. and 5-butyl-2-mercaptopyrimidine. Examples of the thioureas include 
" thiourea, ethylene thiourea, dibutyl thiourea, trimethyl thiourea, triethyl thiourea and tributyl thiourea. Examples of the 
. polymercaptanes include 2-dibutylamino-4. e-dimethylcapto-s-triazine, 2-phenylamino-4, 6-dimercaptotriazine, 2, 5- 
' dimercapto-1 . 3, 4-thiazole, 1 . 1 0-decanedithiol. 2, 3-dimercaptopyrazine, 2, 3-dimercaptoquinoxaline and 6-methylqui- 
£ noxaline-2, 3-dithiocarbonate. The amount of the crosslinking agent varies depending on the type of the crosslinking 
agent, but is normally within the range from 0.1 to 30% by weight based on the whole composition excluding a plasti- 
cizer. 

Furthermore, it is effective to add a metal compound as an acid acceptor to the solid polymer electrolyte in view of 
the thermal stability of the halogen-containing polymer. Examples of the metal oxide as the acid acceptor include oxide, 

10 hydroxide, carbonate salt, carboxylate salt, silicate salt, borate salt and phosphite salt of Group II metal of the periodic 
table: and oxide, basic carbonate salt, basic carboxylate salt, basic phosphite salt, basic sulfite salt and tribasic sulfate 
salt of Group Via metal of the periodic table. Specific examples thereof include magnesia, magnesium hydroxide, bar- 
ium hydroxide, magnesium carbonate, barium carbonate, quick lime, slaked lime, calcium carbonate, calcium silicate, 
calcium stearate, zinc stearate. calcium phthalate. magnesium phosphite, calcium phosphite, zinc white, tin oxide, lith- 

15 arge, read lead, white lead, dibasic lead phthalate. dibasic lead cartxxiate, tin stearate, basic lead phosphite, basic tin 
phosphite, basic lead sulfite and tribasic lead sulfate. The amount of the metal compound as the above acid acceptor 
varies depending on the type thereof, but is normally within the range from 0.1 to 30% by weight based on the whole 
composition excluding a plasticizer. 

The electrolyte salt compound used in the present invention is preferably soluble in a mixture comprising a poly- 

20 ether copolymer or a crosslinked material of the copolymer and a plasticizer. In the present invention, the following salt 
compounds are preferably used. 

That is, examples thereof include a compound composed of a cation selected from a metal cation, ammonium ion, 
amidinium ion and guanidium ion. and an anion selected from chloride ion. bromide ion. iodide Ion, perchlorate ion, thi- 
ocyanateion. tetrafluoroborate ion, nitrate ion, AsFe". PFe". stearylsulfonate ion. octylsulfonate ion, dodecylbenzenesul- 

25 fonate ion. naphthalenesufbnate Ion. dodecylnaphthalenesulfonate ion. 7. 7. 8, 8-tetracyano-p-quinodimethane ton. 
X^SOs". [(X^S02)(X2S02)N]-. [(XiS02)(X2S02)(X3S02)C]- and [(X^S02)(X2S02)YCr. wherein X\ X^. and Y 
respectively represent an electron attractive group. Preferably. X^ X^ and X^ independently represent a perfluoroalkyi 
having 1 to 6 carbon atoms or a perf luoroaryl group and Y represents a nitro group, a nitroso group, a carbonyl group, 
a carboxyl group or a cyano group. X^ , X^ and X^ may be the same or different. As the metal cation, a cation of a tran- 

30 sifion metal can be used. Preferably, a cation of a metal selected from Mn. Fe. Co. Ni. Cu, 2n and Ag metals is used. 
When using a cation of a metal selected from Li. Na, K, Rb. Cs, Mg, Ca and Ba metals, good results are also obtained. 
Two or more compounds described above may be used as the electrolyte salt compound. 

In the present invention, the amount of the electrolyte salt conpound is so that a numeral value of a molar ratio of 
the number of moles of the electrolyte salt compound to the total number of moles of oxyethylene units (the total number 

35 of moles of oxyethylene units included in a main chain and side chain of the polyether copolymer) is preferably within 
the range from 0.0001 to 5, more preferably from 0.001 to 0.5. When this value exceeds 5, the processability and mold- 
ability, the mechanical strength and flexibility of the resulting solid electrolyte are deteriorated. 

The plasticizer is an aprotic organic solvent, or a derivative or a metal salt of a linear or branched poiyalkylene gly- 
col having a number-average molecular weight of 200 to 5.000. or a metal salt of the derivative. 

40 As the aprotic organic solvent, aprotic ethers and esters are preferable. Specific examples include propylene car- 
bonate, 7-txjtyrolactone. butylene carbonate, ethylene carbonate, dimethyl carbonate, ethylmethyl carbonate, diethyl 
carbonate, 1, 2-dimethoxyethane. 1, 2-dimethoxypropane, 3-methyl-2-oxyazolidone, tetrahydrofuran, 2-methyltetrahy- 
drofuran, 1 , 3-dioxolane. 4. 4-methyl-1 . 3-dioxolane, tert-butyl ether, iso-butylether, 1 , 2-ethoxymethoxyethane, ethylene 
glycol dimethyl ether, ethylene glycol diethyl ether, triethylene glycol dimethyl ether, triethylene glycol diethyl ether, tetra- 

45 ethylene glycol dimethyl ether, tetraethylene glycol diethyl ether, ethylene glyme, ethylene diglyme, methyl tetraglyme, 
methyl triglyme, methyl diglyme. methyl formate, methyl acetate and methyl propionate and a mixture of two or more of 
them may be used. Particularly propylene carbonate, y-butyrolactone. butylene carbonate and 3-methyl-2-oxyazoline 
are preferable. Triethylene glycol dimethyl ether, triethylene glycol diethyl ether, tetraethylene glycol dimethyl ether and 
tetraethylene glycol diethyl ether are also particularly preferable organic solvents. 

so The derivative or metal salt of the linear or branched poiyalkylene glycol or the metal salt of the derivative can be 
obtained from a poiyalkylene glycol having a number-average molecular weight of 200 to 5,000. Examples of the poiy- 
alkylene glycol include polyethylene glycol or polypropylene glycol, and examples of the derivative thereof include ester 
derivative or ether derivative having an alkyi group having 1 to 8 carbon atoms and an alkenyl group having 3 to 8 car- 
bon atoms. 

55 Among the derivatives, examples of the ether derivativ include diethers such as dimethyl ether, diethyl ether, 
dipropyl ether and diallyl ether, and examples of the ester derivative include diesters such as poiyalkylene glycol 
dimethacrylate ester (e.g. polyethylene glycol dimethacrylate ester), poiyalkylene glycol diacetate ester (e.g. polyethyl- 
ene glycol diacetate ester), and poiyalkylene glycol diacrylate ester (e.g. polyethylene glycol diacrylate ester). 
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Examples of the metal salt include a sodium, lithium and dialkyi aluminum salt of polyalkylene glycol 
Examples of the metal salt of the derivative include sodium, lithium and dialkylaluminum salts (e.g. dioctylaluminum 
-salt) of monoethers such as monomethyl ether, monoethyl ether, monopropyl ether, monobutyl ether, monohexyl ether, 
mono-2-ethyl-hexyl ether and monoallyl ether; and monoesters such as monoacetate ester, monoacrylate ester and 
5 monomettiacrylate ester. Examples of the metal salt of polyalkylene glycol derivative include dioctylaluminum salt of 
. polyethylene glycol monomethyl ether, dioctylaluminum salt of polyethylene glycol monoethyl ether and dioctylalumi- 
num salt of polyethylene glycol monoallyl ether. 

The number-average molecular weight of the polyalkylene glycol used is more preferably within the range from 200 
to 2,000. 

10 The formulating proportion of the plasticizer is optionally selected, but is from 0 to 2,000 parts by weight, preferably 
1 to 2.000 parts by weight, e.g. 10 to 1 ,000 parts by weight, particularly from 10 to 500 parts by weight, based on 100 
parts by weight of the polyether copolymer 

When the flame retardancy is required in using the solid polymer electrolyte, a flame retardant can be used. That 
is, an effective amount of those selected from a halide (such as a brominated epoxy compound, tetrabromobisphenol 

15 A and chlorinated paraffin), antimony trioxide, arrtimony pentaoxide, aluminum hydroxide, magnesium hydroxide, phos- 
phate ester, polyphosphate salt and zinc borate as a flame retardant can be added. 

The method for production of the solid polymer electrolyte of the present invention is not specifically limited, but the 
respective components may be mechanically mixed, normally. In case of the multicomponent-copolymer requiring the 
crosstinking. it is produced by a method such as mechanically mixing the respective components, followed by crosslink- 

20 ing. Alternatively, after crosslinking, the crosslinked copolymer may be impregnated by immersing in a plasticiser for a 
long time. As means for mechanically mixing, various kneaders. open rolls, extruders and the like can be optionally 
used. 

In case that the reactive functional group is a reactive silicon group, the amount of water used in the crosslinking 
reaction is not specifically limited because the crosslinking reaction easily occurs even in the presence of moisture in 
25 the atmosphere. The crosslinking can also be conducted by passing through a cold water or hot water bath for a short 
time, or exposing to a steam atmosphere. 

In case of the copolymer wherein the reactive functional group is an epoxy group-containing group, when using a 
polyamine or an acid anhydride, the crosslinking reaction is completed at the temperature of 1 0 to 200''C within 1 0 min- 
utes to 20 hours. 

30 In case of the copolymer wherein the reactive functional group is an ethylenically unsaturated group, when using a 
radical initiator, the crosslinking reaction is completed at the temperature of 10 to 200°C within 1 minutes to 20 hours. 
Furthermore, when using energy ray such as ultraviolet ray. a sensitizer is normally used. The crosslinking reaction is 
normally completed at the temperature of 10 to 150*C within 0.1 seconds to 1 hour. In case of the crosslinking agent 
having a silicon hydride, the aosslinking reaction is completed at the temperature of 10 to 180**C within 10 minutes to 

35 10 hours. 

The method of mixing the electrolyte salt compound and plasticizer with the polyether copolymer is not specifically 
limited, but examples thereof include a method of impregnating by immersing the polyether copolymer In an organic sol- 
vent containing the electrolyte salt compound and plasticizer for a long time, a method of mechanically mixing the elec- 
trolyte salt compound and plasticizer with the polyether copolymer, a method of dissolving the polyether copolymer and 

40 the electrolyte salt compound in the plasticizer. followed by mixing or a method of dissolving the polyether copolymer 
once in the other organic solvent, followed by mixing the plasticizer. When producing by using the organic solvent, var- 
ious polar solvents such as tetrahydrofuran. acetone acetonitrile, dimethylformamide, dimethyl sulfoxide, dioxane. 
methyl ethyl ketone and methyl isobutyl ketone, may be used alone or in combination thereof. 

The solid polymer electrolyte shown in the present invention is superior in mechanical strength and flexibility, and 

45 a large area thin-film shaped solid electrolyte can be easily obtained by utilizing the properties. For example, it is pos- 
sible to make a battery comprising the solid polymer electrolyte of the present invention. In this case, examples of the 
positive electrode material include lithium-manganese double oxide, lithium colsaltate. vanadium pentaoxide. poly- 
acene, polypyrene, polyaniline. polyphenylene. polyphenylene sulfide, polyphenylene oxide, polypyrrole, and polyfuran. 
pdyazulene. Examples of the negative electrode material include an interlaminar compound prepared by occlusion of 

so lithium between graphite or carbon layers, a lithium metal and a lithium-lead alloy. By utilizing the high ion conductivity, 
the crosslinked solid polymer electrolyte can also be used as a diaphragm of an ion electrode of the cation such as alka- 
line metal ion. Cu ion. Ca ion and Mg ion. The solid polymer electrolyte of the present invention is especially suitable as 
a material for electrochemical device (e g. a battery, a capacitor and a sensor). 

55 PREFERRED EMBODIMENTS OF THE INVENTION 

The following Examples further illustrate the present invention in detail. 

In the following Examples and Comparative examples, a monomer (glycidyl ether compound) of the formula (1) is 
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as follows: 



CH^-O-i-CH-CH^O-^R^ 
CH— CH-CH^O-CH (1) 
"^O^ CHjO— eCHrCH-O^R^ 



The monomer used in the Example was synthesized in two steps. 
(Synthesis Exanple 1 of monomer] 

15 (StfSp 1) 

To ethylene gJycol monomethyl ether (86.4 g. 2.27 moles), ground caustic soda (16.7 g, 0.83 moles) was added by 
S€v©r^ portions artd caustic soda was dissolved by heating to 80°C. Ethylene glycol glycidyl methyl ether (50 g, 0.76 
moles) tiias then added dropwise. After the completion of the dropwise addition, the solution was stirred for 2 hours and 
20 then aa cooled at room temperature. The solution was neutralized with hydrochloric acid and a salt was deposited by 
adding acoeono. ioStovif&i by filtration. Low<boifing materials were removed under reduced pressure to obtain 67 g (yield 
85%) cA 1.3-tJJS (2-m»th03iyGthoxy)-2-propanol. 

(Step 2) 

25 

Epcc^torohyt^m (66 7 g. 0 72 moles) was charged and ground caustic soda (1 4.4 g, 0.36 moles) was added by sev- 
eral porfeons twth storing To tt^s solution. 1 .3-bis (2-methoxyethoxy)2i3ropanoi (50 g. 0.24 moles) obtained in the step 
1 was added drop^tse and the reaction was conducted at 40^*0 for 3 hours. After filtration, 33.2 g of the desired 2-gly- 
ctdoxy- 1 .3-dis {2- nr>ethoxyethoxy) propane (yield 52%) was obtained by distilled under reduced pressure. The structure 
30 Of the resuftirtg product was confirmed by ^ H NMR. 

Measuremsft ccndrtion of NMR: Solvent: CqDq, Internal standard: TMS, 
Measurement temperature: 30''C . 

35 The measurement results of NMR: The following peaks corresponding to the structure of the formula (a) were 
observed 

6 : 2 2 to 2 3(2H. m, a). 6 2.9(1 H. m. b). 6 : 3.1(6H. s. c). 
6 :3 2to3 6{14H. m. d), 6 : 3.7(1 H, m. e) 



40 



45 



SO 



55 



The boiling point of the resulting monomer was 1 15**C at 0.3 mmHg. This monomer was used In Examples 1 and 5. 

CHg-O— CHg-CHg -O-CHa 
I d ~ 

H2C CH— CHo-O— C— H 

CH2-O— CHg-CHa -Q-CHa 
d "T" 

[Synthesis Example 2 of monomer] 

Using the following ethers in place of A: ethylene glycol glycidyl methyl ether and B: ethylene glycol monomethyl 
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ether of step 1 in Synthesis Example 1 of monomer, a monomer (1) was synthesized by conducting the same operation 
as that of step 1 In Synthesis Example 1 of monomer and reacting epichlorohydrin in the same manner as that of step 
. 2 in Synthesis Example 1 of monomer. 

5 Monomer (1): 

CH-0-(-CH-CH-0-)^rR' 
ChJ— CH-CH^O-CH (1) 

O CH^O— ^CHj-CH-O-^R^ 



75 

Formula (1): R^=-C2H5, R^^-CHa. m=1. n=2 (used in Example 2) 

A: Ethylene glycol glycidyl ethyl ether 
B: Diethylene glycol monomethyl ether 

20 

Formula (1): R^=-CH3. r2=.CH3. m=2. n=2 (used In Example 3) 

A: Diethylene glycol glycidyl methyl ether 
B: Diethylene glycol morx>methyl ether 

25 

Formula (1): R^=-CH3. R^s-CHa. m=3. n=1 (used In Exan^ple 4) 

A: Triethylene glycol glycidyl methyl ether 
B: Ethylene glycol monomethyl ether 

30 

Formula (1): R^=-CH3. R^s-CHa, m=1 , n=:2 (used In Exanple 6) 

A: Ethylene glycol glycidyl methyl ether 
B: Diethylene glycol monomethyl ether 

35 

Formula (1): R^=CH2-CH=:CH2. R^=-CH3. m=1. n=1 (used in Example 7) 

A: Ethylene glycol glycidyl allyl ether 
B: Ethylene glycol monomethyl ether 

40 

(Production Example of catalyst) 

Tributyltin chloride (10 g) and tributyl phosphate (35 g) were charged in a three-necked flask equipped with a stirrer, 
a thermometer and a distillation device, and the mixture with stirring under nitrogen stream was heated at 250*C for 20 

45 minutes and the distillate was distilled off to obtain a solid condensate as a residue product. In the following polymeri- 
zation, this organotin/phosphate ester condensate was used as a polymerization catalyst. 

The composition analysis (in terms of monomer) of the polyether copolymer by element analysis and NMR 
spectrum was conducted. In case of the measurement of the molecular weight of the polyether copolymer, the gel per- 
meation chromatography measurement was conducted and the molecular weight was calculated in terms of standard 

so polystyrene. The gel permeation chromatography measurement was conducted at 60°C by a measuring device RID-6A 
manufactured by Shimadzu Corp., using a column manufactured by Showa Denko Co.. Ltd. such as Showdex KD-807. 
KD-806. KD-806 and KD-803, and a solvent DMF The glass transition temperature and fusion heat were measured in 
a nitrogen atmosphere within the temperature range from -100 to 80*»C at a heating rate of 10«C/min. by a differential 
scanning calorimeter DSC8230B manufactured by Rigaku DenW Co.. Ltd. The measurement of the conductivity a was 

55 conducted as follows. That Is. a film vacuum-dried at 20**C under 1 mmHg for 72 hours (or gel-like film) was sandwiched 
between platinum electrodes and the conductivity was calculated according to the complex impedance method, using 
an A.C. method (voltage: 0.5 V. frequency: 5 Hz to 1 MHz). The flexibility of the solid electrolyte film was e/aluated by 
the presence or absence of breakage in case of fbkiing the film at an angle of 1 80 degrees at 25'*C. 
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Example 1 

After the atmosphere in a four-necked glass flask (internal volume: 3 L) was replaced by nitrogen, the condensate 
(1 g) obtained in the Preparation Example of the catalyst as the catalyst, 2-glycidoxy-1, 3-bis(2-methoxyethoxy) pro- 

£ pane (300 g) having a water content adjusted to not more than 10 ppm and n-hexane (1.000 g) as the solvent were 
charged in the flask, and ethylene oxide (75 g) was gradually added with monitoring the polymerization degree of 2-gly- 
cidoxy-1, 3-bis (2-methoxyethoxy) propane by a gas chronnatography. The polymerization reaction was terminated by 
using methanol. The polymer was Isolated by decantation, dried at 40^*0 under normal pressure for 24 hours, and then 
dried at 45°C under reduced pressure for 10 hours to obtain 350 g of a polymer. The glass transition temperature of this 

10 copolymer was -73**C. the weight-average molecular weight was 250,000 and the fusion heat was 8 J/g. The results of 
the composition analysis (in terms of monomer) of this polymer by NMR spectrum are shown in Table 1 . 

Examples 2 to 7 

15 Using the monomer shown in Table 1 . the copoiymerization was conducted by using the same catalyst and opera- 
tion as in Example 1 . The results are shown in Table 1 . 

Examples 8 to 1 1 and Comparative Exanrples 1 to 4 

20 The copolymer obtained in each of Examples 1 to 4 or a polyether copolymer (polyethylene oxide in Comparative 
Example 1) (1 g) in Table 3 was dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a tet- 
rahydrofuran solution of lithium perchlorate so that a molar ratio of (the number of moles of the electrolyte salt com- 
pound to the total number of moles of ether oxygen atoms of polyether copolymer) was 0.05. This mixed solution was 
casted on a mold made of polytetrafluoroethylene, followed by sufficient drying to obtain a film. The electrical conduc- 
es tivity a of the film was measured by an A.C. method described above. The results are shown in Tak>les 2 and 3. Com- 
parative Example 4 is an example of copolymer of glyddyl ether having one oligooxy ethylene unit and ethylene oxide. 

Example 12 

30 The copolymer (1 g) obtained in Exarnple 5 was dissolved in acetonitrile (20 ml), and the resulting solution was 
mixed with an acetonitrile solution of lithium bistrifluoromethanesulfonyllmide (hereinafter referred to as LITFSI) so that 
a molar ratio of (the number of moles of the LITFSI) to (the total number of moles of ether oxygen atoms of polyether 
copolymer) was 0.05. This mixed solution was casted on a mold made of polytetraf luoroethylene. followed by sufficient 
drying to obtain a film. The characteristics of the film were measured in the same manner as in Examples 8 to 1 1 . The 

35 electrical conductivity of the solid electrolyte was 6.2 X 10'^ S/cm at 25''C. The results are shown in Table 2. 

Example 13 

The copolymer (1 g) obtained in Exanple 6 was dissolved in acetonitrile (20 ml), and the resulting solution was 
40 mixed with an acetonitrile solution of LiTFSI so that a molar ratio of (the number of moles of the LiTFSI) to (the total 
number of moles of ether oxygen atoms) was 0.03. This mixed solution was casted on a mold made of polytetraf luor- 
oethylene. followed by sufficient drying to obtain a film. The characteristics of the resulting film were measured in the 
same manner as in Exanrples 8 to 1 1 . The results are shown in Table 2. 

45 Example 14 

A film was obtained in the same manner as in Example 13, except that a molar ratio of (the number of moles of the 
LiTFSI) to (the total number of moles of ether oxygen atoms) was 0.05. Properties of the film were measured in the 
same manner as in Examples 8 to 1 1 . The results are shown In Table 2. 
so It is apparent from a comparison with Comparative Examples that the solid polymer electrolyte of the present inven- 
tion has a particularly excellent Ionic conductivity. 

Example 15 

55 Using the solid polymer electrolyte obtained in Example 10 as the electrolyte, a lithium metal foil as a negative elec- 
trode and lithium cobaltate (LiGo02) as a positive electrode, a secondary battery was constructed. The size of the solid 
polymer electrolyte was 10 mm x 10 mm x 0.2 mm. The size of the lithium foil was 10 mm x 10 mm x 0.1 mm. Lithium 
cobaltate was prepared by mixing predetermined amount of lithium carbonate and cobalt carbonate powder and caldn- 
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ing the mixture at 900**C for 5 hours. The calcined mixture was ground, and then 12 parts by weight of acetylene black 
•and 3 parts by weight of the solid polymer electrolyte obtained In Example 10 were added to 85 parts by weight of the 

resulting lithium cobaltate, followed by mixing by a roll and further press-molding under the pressure of 300 KgW/cm^ 

to form a positive electrode having the size of 10 mm x 10 mm x 2 mm. 

The solid polymer electrolyte obtained in Example 10 was sandwiched between the lithium metal foil and the lithium 
. cooattate plate, and the charge/discharge characteristics of the resulting battery were examined at ZS^C with applying 

fhe pressure of 10 KgW/cm^ so that the internees were brought into contact with each other. The discharge current at 

the inrtiai terminal voltage of 3.8 V was 0.1 mA/cm^ and charging could be conducted at 0.1 mA/cm^. It is possible to 

easily reduce the thickness of the battery in this Example and. therefore, a light-weight and targe-capacity battery can 

be obtained 
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Note) Monomer of the formula (1): 

CH2-0-(-CH2-CH2-O^Tsr-R' 

CHg-CH-CHg-O-CH (1) 

\ / I 
O CH2O— t-CHg-CHs-O^S-R'^ 

[S/nthesis Example 3 of monomer] 

Using the following ethers in place of A: ethylene glycol glyddyl methyl ether and B: ethylene glycol monomethyl 
ether of step 1 in Synthesis Example 1 of monomer, a monomer (1) was synthesized by conducting the same operation 
as that of step 1 in Synthesis Example 1 of monomer and reacting epichlorohydrin In the same manner as that of step 
2 In Synthesis Example 1 of monomer. 

Monomer (1): 

CH2-O— f-CHa-CHa-O 
CH2-CH-CH2-O— CH (1) 
\ CH2 0H-CH2-CH2-0-4H-R'' 

Formula (1): R"'=-C2H5, r2=-CH3. m=1, n=2 (used in Examples 17 and 24) 

A: Ethylene glycol glycidyl ethyl ether 
B: Diethylene glycol monomethyl ether 

Formula (1): R''=-CH3, R^s-CHg, m=2, n=2 (used in Examples 18 and 25) 

A: Diethylene glycol glycidyl methyl ether 
B: Diethylene glycol monomethyl ether 

Formula (1): R^=-CH3, r2=-CH3, m=3, n=1 (used In Examples 19 and 26) 

A; Triethylene glycol glycidyl methyl ether 
B: Ethylene glycol monomethyl ether 

Formula (1): R^=-CH3. r2=-CH3. m=1. n=2 (used in Examples 21 and 28) 

A: Ethylene glycol glycidyl methyl ether 
B: Diethylene glycol monomethyl ether 

Formula (1): R^=-CH2-CH=CH2. R^^-CHa. m=1. n=1 (used in Example 22) 

A: Ethylene glycol glycidyl allyl ether 
B: Ethylene glycol monomethyl ether 

Formula (1): R^=-C2H5, r2=-CH3. m=1. n=2 (used in Example 24) 
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A: Ethylene glycol glycidyl ethyl ether 
B: Ethylene glycx>l monomethyl ether 

Example 16 

5 

After the atmosphere in a four-necked glass flask (internal volume: 3 L) was replaced by nitrogen, the condensate 
' (1 g) shown in Preparation Example of catalyst as the catalyst, ally! glycidyl ether (1 7 g) having a water content adjusted 
to not more than 1 0 ppm, 2-glycidoxy-1 , 3-bis (2-methoxyethoxy)propane (1 60 g) and n-hexane (1 ,000 g) as the solvent 
were charged in the flask, and ethylene oxide (190 g) was gradually added with monitoring the polymerization degree 
10 of 2-glycidoxy-1 , 3-bis (2-methoxyethoxy) propane by gas chromatography. The polymerization reaction was terminated 
by using methanol. The polymer was isolated by decantation, dried at 40''C under normal pressure for 24 hours, and 
then dried at 45''C under reduced pressure for 10 hours to obtain 321 g of a polymer. The glass transition temperature 
of this copolymer was -71 **C, the weight-average molecular weight was 3.700,000 and the fusion heat was 60 J/g. The 
results of the composition analysis (in terms of monomer) of this polymer by 1 H NMR spectrum are as shown in Table 4. 

15 

Examples 17 to 28 

Using the monomer shown in Table 4, the copolymerization was conducted by using the same catalyst and opera- 
tion as in Example 16. The results are shown in Table 4. 

20 

Example 29 

The polyether copolymer (1 g) obtained in Example 16 and a crosslinking agent dicumyl peroxide (0.015 g) were 
dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium per- 
25 chlorate so that a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of 
ether oxygen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetraf luoroeth- 
yiene. dried and then heated and pressured at 170°C and 60 KgW/cm^ for 10 minutes to obtain a film. The measure- 
ment results for the conductivity and flexibility of the film are shown in Table 5. 

30 Example 30 

The polyether copolymer (1 g) obtained in Example 17 and a crosslinking agent 1,1 -bis (t-butylperoxy)-3, 3, 5-tri- 
methytcyclohexane (0.02 g) were dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a tet- 
rahydrofuran solution of lithium perchlorate so that a molar ratio of (the number of moles of the electrolyte salt 
35 compound) to (the total number of moles of ether oxygen atoms of the copolymer) was 0.05. This mixed solution was 
casted on a mold made of polytetrafluoroethylene. dried and then heated and pressured at 145''C and 100 KgW/cm^ 
for 1 0 minutes to obtain a film. The measurement results for the conductivity and flexibility of the film are shown in Table 
5. 

40 Example 31 

The polyether copolymer (1 g) obtained in Example 18 and a crosslinking agent benzoyl peroxide (0.015 g) were 
dissolved in acetonitrile (20 ml), and the resulting solution was mixed with an acetonitrile solution of lithium bistrifluor- 
omethanesulfonylimide so that a molar ratio of (the number of moles of the electrolyte salt compound) to (the total 
45 number of moles of ether oxygen atoms of the copolymer) was 0.05, and then a film was obtained in the same manner 
as in Example 29. The measurement results for the electrical conductivity and flexibility of the film are shown in Table 5. 

Example 32 

so The polyether copolymer (1 g) obtained in Example 1 9 and a crosslinking agent azobisisobutyronitrile (0.02 g) were 
dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium per- 
chlorate so that a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of 
ether oxygen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetrafluoroeth- 
ylene. dried and then allowed to stand at lOO'^C under an argon atmosphere for 2 hours to obtain a film. The measure- 

55 ment results for the electrical conductivity and flexibility of the film are shown in Table 5. 



21 



EP 0 885 913 A1 



Example 33 

The polyether copolymer (1 g) obtained in Example 20 and a sensitizer 2, 2-dimethoxy-1 , 2-diphenylethan-1-one 
•(0.02 g) were dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution 

of lithium perchlorate so that a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number 

of moles of ether oxygen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of poly- 
•tetrafluoroethylene and dried, followed by ultraviolet ray irradiation (30 mW/cm^, 360 nm) at 50*C under an argon 

atmosphere for 1 0 minutes to obtain a film. The measurement results for the electrical conductivity and flexibility of the 

film are shown in Table 5. 

Example 34 

The polyether copolymer (1 g) obtained in Example 21 and polysiloxane (0.2 g) represented by the formula (11) 
were dissolved in toluene (10 ml) and an isopropyl alcohol solution containing 1% by weight of chloroplatlnic acid was 
added, and the resulting solution was mixed with a toluene solution of lithium bistrifluoromethanesulfonylimide so that 
a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of ether oxygen 
atoms of the copolymer) was 0.05. and then a film was obtained in the same manner as in Example 29. The measure- 
ment results for the electrical conductivity and flexibility of the film are shown in Table 5. In the formula (11). Mn repre- 
sents a number-average molecular weight. 

CH3 CH3 CH3 CH3 

CH-Si--Ot-Si--O^Si-OV-Si-CH3 (11) 
CH3 CH3 H CH3 
(Mn 2180. v/(u+v) =0.33) 



Example 35 

The polyether copolymer (1 g) obtained in Example 22 and polysiloxane (0.2 g) represented by the formula (12) 
were dissolved in toluene (10 ml) and an isopropyl alcohol solution containing 1% by weight of chloroplatlnic add was 
added, and the resulting solution was mixed with a toluene solution of lithium bistrif luoromethanesulfonylimide so that 
a molar ratio of (the number of moles of the solutrfe electrolyte salt compound) to (the total number of moles of ether 
oxygen atoms of the copolymer) was 0.05. and then a film was obtained in the same manner as in Example 29. The 
measurement results for the electrical conductivity and flexibility of the film are shown In Table 5. In the formula (12), 
Mn represents a number-average molecular weight. 

CH3 CH3 CH3 
H-Si -Oi"Si -O-h^Si -H (12) 
CH3 CH3 CH3 
(Mn 1000) 



Example 36 

The polyetiier copolymer (1 g) obtained in Example 23 and a catalyst dibutyltin dilaurate (5 mg) were dissolved in 
tetrahydrofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium perchlorate so 
that a molar ratio of (the number of moles of the elecfrolyte salt compound) to (the total number of moles of ether oxygen 
atoms of the copolymer) was 0.05 and water was added to this mixed solution in the same amount as that of the reac- 
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tive silicon group-containing component. This mixed solution was casted on a moid made of polytetrafluoroethylene, 
dried and then allowed to stand at 100**C under an argon atmosphere for 3 hours to obtain a film. The measurement 
results for the electrical conductivity and flexibility of the film are shown in Table 5. 

5 Example 37 

The polyether copolymer (1 g) obtained in Example 24 was dissolved in tetrahydrofuran (20 ml), and the resulting 
solution was mixed with a tetrahydrofuran solution of lithium perchlorate so that a molar ratio of (the number of moles 
of the electrolyte salt compound) to (the total number of moles of ether oxygen atoms of the copolymer) was 0.05. To 
10 this mixed solution, water was added in the three times molar amount the reactive silicon group-containing component. 
This mixed solution was casted on a mold made of polytetraftuoroethylene. dried, heated and pressured at 160''C and 
20 KgW/cm^ for 10 minutes to obtain a film. The measurement results for the electrical conductivity and flexibility of the 
film are shown in Table 5. 

15 Example 38 

The polyether copolymer (1 g) obtained in Example 25 and a catalyst dibutyttin dilaurate (5 mg) were dissolved in 
tetrahydrofuran (20 ml) and water (10 ^il) was added, followed by stirring for 15 minutes. After the solvent was removed 
under a normal pressure, the mixed solution was dried at GO^'C for 10 hours to obtain a crosslinked material. The result- 
20 ing crosslinked material was impregnated with a tetrahydrofuran solution (5 ml) containing lithium perchlorate (100 mg) 
for 20 hours, heated and pressured at 1 TO^C and 80 Kg W/cm^ for 1 0 minutes to obtain a film. The measurement results 
for the electrical conductivity and flexibility of the film are shown in Table 5. 
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Example 39 



The polyether copolymer (1 g) obtained in Example 26 and maleic anhydride (150 mg) were dissolved in tetrahy- 
drofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium perchlorate so that a 
molar ratio of (the number of moles of the soluble electrolyte salt compound) to (the total number of moles of ether oxy- 
gen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetrafluoroethylene, 
30 dried and then heated and pressured at 1 60''C and 20 KgW/cm^ for one hour to obtain a film. The measurement results 
for the electrical conductivity and flexibility of the film are shown in Table 5. 

Example 40 

35 The polyether copolymer (1 g) obtained in Example 27 and diethylenetriamine (50 mg) were dissolved in tetrahy- 
drofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium perchlorate so that a 
molar ratio of (the number of moles of the soluble electrolyte salt compound) to (the total number of moles of ether oxy- 
gen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetrafluoroethylene, 
dried and then allowed to stand at 100°C under an argon atmosphere for 10 hours to obtain a film. The measurement 

40 results for the conductivity and flexibility of the film are shown in Table 5. 

Example 41 

The polyether copolymer (1 g) obtained in Example 28 and diethylene triamine (50 mg) were dissolved in tetrahy- 
45 drofuran (20 ml) and the reaction was conducted at 40°C for 2 hours. After the solvent was removed under a normal 
pressure, the mixed solution was dried at GO'^C for 6 hours to obtain a crosslinked material. The resulting crosslinked 
material was impregnated with a tetrahydrofuran solution (5 ml) containing lithium perchlorate (100 mg) for 20 hours, 
heated and pressured at 1 60**C and 1 00 KgW/cm^ for 1 0 minutes to obtain a film. The measurement results for the con- 
ductivity and flexibility of the film are shown in Table 5. 
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Note) Monomer of the formula (1): 



Comparative Examples 5 to 8 

The polyether copolymer shown in Table 6 obtained in the same manner as in Example 16 was used. 

In Comparative 5, a film molding was conducted in the same manner as in Example 29. except for adding no 
20 crosslinking agent. In Comparative Example 6, a film molding was conducted in the same manner as in Example 30. In 
Comparative Example 7, a film molding was conducted in the same manner as in Example 36. In Comparative Example 
8, a film molding was conducted in the same manner as in Example 39. The results are shown in Table 6. 

It is apparent from a comparison with Comparative Examples that the ionic conductivity and mechanical character- 
istics of the crosslinked solid polymer electrolyte obtained from the polyether copolymer of the present invention are 



25 excellent. 
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(1) 



10 

Example 42 

Using the crosslinked solid polymer electrolyte obtained in Example 29 as the electrolyte, a lithium metal foil as a 
15 negative electrode and lithium cobaltate (IJC0O2) as a positive electrode, a secondary battery was constructed. The 
size of the crosslinked solid polymer electrolyte was 10 mm x 10 mm x 0.2 mm. The size of the lithium foil was 10 mm 
X 10 mm X 0.1 mm. Lithium cobaltate was prepared by mixing predetermined amount off lithium carbonate and cobalt 
carbonate powder and calcining the mixture at SOO^'C for 5 hours. The calcined mixture was ground, and then 12 parts 
by weight of acetylene black and 3 parts by weight of the crosslinked solid polymer electrolyte obtained in Example 29 
20 were added to 85 parts by weight off the resulting lithium cobaltate, followed by mixing by a mortar and press-molding 
under the pressure of 300 KgW/cm^ to form a positive electrode having the size of 10 mm x 10 mm x 2 mm. 

The crosslinked solid polymer electrolyte obtained in Example 29 was sandwiched between the lithium metal foil 
and the lithium cobaltate plate, and the charge/discharge characteristics of the resulting battery were examined with 
applying the pressure of 10 KgW/cm^ so that the interfaces were brought into contact with each other. The discharge 
25 current at the initial terminal voltage of 3.8 V was 0. 1 mA/cm^ and the charging could be conducted at 0. 1 mA/cm^. It is 
possible to easily reduce the thickness of the battery in this Example and. therefore, a light-weight and large-capacity 
battery can be obtained. 

Example 43 

30 

After the atmosphere in a four-necked glass flask (internal volume: 3 L) was replaced by nitrogen, an organotin- 
phosphate ester condensate (1 g) as the catalyst, a glycidyl ether compound (222 g) represented by the formula (1) (R\ 
R^sCihls; m, n=2) having a water content adjusted to not more than 10 ppm and n-hexane (1 ,000 g) as the solvent were 
charged in the flask, and ethylene oxide (28 g) was gradually added with monitoring the polymerization degree of the 

35 glycidyl ether compound by gas chromatography The polymerization reaction was terminated by using methanol. The 
polymer was isolated by decantation, dried at 40*^0 under normal pressure for 24 hours, and then dried at 45''C under 
reduced pressure for 1 0 hours to obtain 1 95 g of a polymer. The glass transition temperature of this polymer was -75'*C, 
the weight-average molecular weight by gel permeation chromatography was 150.000 and the fusion heat was 0 J/g. 
The results of the composition analysis (in terms of monomer) of this polymer by NMR spectrum are as shown in 

40 Table 7, The resulting polyether copolymer (1 g) was mixed with a propylene carbonate solution (1 g) of lithium perchlo- 
rate so that a molar ratio of (the number of moles of the soluble electrolyte salt compound) to (the total number of moles 
of ether oxygen atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetrafluor- 
oethylene, heated arxi pressured at lOO^'C and 2 KgW/cm^ for 10 minutes to obtain a film. 

45 Example 44 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, ethylene thiourea (a crosstinking agent) (0.015 g) and dibasic lead phtha- 
late (0.05 g) were mixed with a propylene carbonate solution (0.8 g) of lithium perchlorate so that a molar ratio of (the 
50 number of moles of the electrolyte salt compound) to (the total number of moles of ether oxygen atoms of the copoly- 
mer) was 0.07. This mixed solution was casted on a mold made of polytetraf luoroethylene, dried, heated and pressured 
at 170**C and 60 KgW/cm^ for 15 minutes to obtain a film. 

Example 45 

55 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, and dicumyl peroxide (a crosslinking agent) (0.015 g) were mixed with a 
propylene carbonate solution (0.7 g) of lithium perchlorate so that a molar ratio of (the number of moles of the electrolyte 
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salt compound) to (the total number of moles of ether oxygen atoms of the copolymer) was 0.05. This mixed solution 
was casted on a mold made of poiytetrafluoroethylene. dried, heated and pressured at leC'C and 20 KgW/cm^ for 10 
minutes to obtain a gel-like film. 

£ Example 46 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, polyethylene glycol dimethyl ether (number-average molecular weight Mn: 
1000) (0.3 g) and a crosslinking agent dicumyl peroxide (0.015 g) were dissolved in tetrahydrofuran (20 ml), and the 
10 resulting solution was mixed with a tetrahydrofuran solution (5 ml) of lithium perchlorate so that a molar ratio of (the 
number of moles of the electrolyte salt compound) to (the total number of ether oxygen atoms of the copolymer) was 
0.05. This mixed solution was casted on a mold made of polytetrafluoroethylene, dried, heated and pressured at 160*^0 
and 20 KgW/cm^ for 10 minutes to obtain a film. 

75 Example 47 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin -phosphate ester condensate catalyst, polyethylene glycol diethyl ether (Mn: 1000) (0.2 g) and dicumyl peroxide 
(a crosslinking agent) (0.015 g) were dissolved in tetrahydrofuran (20 ml), and the resulting solution was mixed with a 
20 tetrahydrofuran solution (5 ml) of lithium perchlorate so that a molar ratio of (the number of moles of the electrolyte salt 
compound) to (the total number of moles of ether oxygen atoms of the copolymer) was 0.05. This mixed solution was 
casted on a mold made of polytetrafluoroethylene, dried, heated and pressured at IGO^'C and 20 KgW/cm^ for 10 min- 
utes to obtain a film. 

25 Example 48 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, a lithium salt of polyethylene glycol (prepared by adding a 2-foId molar 
amount of metal lithium to polyethylene glycol having a number-average molecular weight of 400, followed by standing 
30 at room temperature for 3 days) (0.3 g) and dicumyl peroxide (a crosslinking agent) (0.015 g) were dissolved in tetrahy- 
drofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution (5 ml) of lithium perchlorate so 
that a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of ether oxygen 
atoms of the copolymer) was 0.05. This mixed solution was casted on a mold made of polytetrafluoroethylene, dried, 
heated and pressured at ISO^'C and 20 KgW/cm^ for 10 minutes to obtain a film. 

35 

Example 49 

The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, and a sodium salt of polyethylene glycol monomethyl ether (prepared by 

40 adding an equimolar amount of metal sodium to polyethylene glycol monoethyl ether having a number-average molec- 
ular weight of 500. followed by standing at room temperature for 3 days) (0.4 g) were added to a tetrahydrofuran solution 
(20 ml) of lithium bistrifluoromethanesulfonylimide so that a molar ratio of (the number of moles of the electrolyte salt 
compound) to (the total number of moles of ether oxygen atoms of the copolymer) was 0.05. To the resulting solution, 
water was added in an equimolar amount based on the reactive silicon group-containing component, followed by mix- 

45 ing. This mixed solution was casted on a mold made of polytetrafluoroethylene, dried, heated and pressured at 160^*0 
and 20 KgW/cm^ for 1 0 minutes to obtain a film. 

Examples 50 to 52 

50 The polyether copolymer (1 g) shown in Table 7 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst, and dicumyl peroxide (a crosslinking agent) (0.01 g) and N. N-m-phe- 
nylene bismaleimide (0.005 g) were added to an acetonitrile solution (10 ml) of lithium perchlorate so that a molar ratio 
of (the number of moles of the soluble electrolyte salt compound) to (the total nurrtoer of moles of ether oxygen atoms 
of the copolymer) was 0.06. To the resulting solution, a branched ethylene glycol derivative represented by the formula 

55 (16) in Example 50. by the formula (17) in Example 51 , or by the formula (18) in Example 52 was mixed. This mixed 
solution was casted on a mold made of polytetrafluoroethylene. dried, heated and pressured at leO'^C and 20 KgW/cm^ 
for 10 minutes to obtain a film. 
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CH-O-CH^CH^O-CHg 
CH^-O-CH-CH^-O-CHj-C-CHj-O-CH^CHj-O-CHg 

CH^O-CH^CH^-CHg 



(16) 



CH3-0-^CH,-CH-0-^CH-CH-0^C2H5 

CH-OfCHj-CH^OiT-CHg 
Mn 560, q/(p+q) = 0.1 



(17) 



CH3-0— fCHa-CHa-O^CHg-CH— C2H5 

r»u n— 



(18) 



'2 CH2 O-CH2— CH2-O-CH3 



I 

CH 



O 



I 



CH2 O-CH2— CH2-O-CH3 



Mn 880, s/{r+s) =0.1 



(Mn represents average molecular weight.} 
Comparative Example 9 

The polyethylene oxide (1 g) shown in Table 8 polymerized in the same manner as in Example 43 using the orga- 
nobn-phosphate ester condensate catalyst was mixed with a tetrahydrofuran solution of lithium perchlorate so that a 
molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of ether oxygen 
atoms of the copolymer) was 0.05. Then polyethylene glycol dimethyl ether (Mn: 1 ,000) (0.2 g) was dissolved in tetrahy- 
drofuran (20 mi) and this solution was added. This mixed solution was casted on a mold made of polytetrafluoroethylene 
and a film was obtained by pressure molding. 

Comparative Example 10 

The same operation as in Comparative Example 9. except for using the polyether copolymer shown In Table 8 
polymerized in the same manner as in Example 43 using the organotin-phosphate ester condensate catalyst, was con- 
ducted, but a film could not be formed. 

Comparative Example 1 1 

The polyether copolymer (1 g) shown in Table 8 polymerized in the same manner as in Example 43 using the orga- 
notin-phosphate ester condensate catalyst and dicumyl peroxide (a crosslinking agent) (0.015 g) were dissolved in tet- 
rahydrofuran (20 ml), and the resulting solution was mixed with a tetrahydrofuran solution of lithium perchlorate so that 
a molar ratio of (the number of moles of the electrolyte salt compound) to (the total number of moles of ether oxygen 
atoms of the copolymer) was 0.05. Then polyethylene glycol dimethyl ether (Mn: 1 ,000) (0.2 g) was dissolved in tetrahy- 
drofuran (20 ml) and this solution was added. This mixed solution was casted on a mold made of polytetrafluoroethyl- 
ene. dried so that tetrahydrofuran was thoroughly removed, heated and pressured at 160**C and 20 KgW/cm^ for 10 
minutes to obtain a film. 

Comparative Example 12 

A film was obtained in the same manner as in Example 45. except for using the polyether copolymer shown in Table 
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8 polymerized in the same manner as in Example 43 using the organotin-phosphate ester condensate catalyst. 
Example 53 

5 Using the solid polymer electrolyte obtained in Example 45 as the electrolyte, a lithium metal foil as a negative elec- 

trode and lithium cobaltate (LiCo02) as a positive electrode, a secondary battery was constructed. The size of the solid 
" polymer electrolyte was 10 mm x 10 mm x 0.2 mm. The size of the lithium foil was 10 mm x 10 mm x 0,1 mm. Lithium 
cobaltate was prepared by mixing predetermined amount of lithium carbonate and cobalt carbonate powder and calcin- 
ing the mixture at 900°C for 5 hours The calcined mixture was ground, and then 12 parts by weight of acetylene black 

10 and 3 parts by weight of the crosslinked solid polymer electrolyte obtained in Example 45 were added to 85 parts by 
weight of the resulting lithium cobaltate. followed by mixing by a roll and press-molding under the pressure of 300 
KgW/cm^ to form a positive electrode having the size of 10 mm x 10 mm x 2 mm. 

The crosslinked solid polymer electrolyte obtained in Example 45 was sandwiched between the lithium metal foil 
and the lithium cobaltate plate, and the charge/discharge characteristics of the resulting battery were examined with 

rs applying the pressure of 10 KgW/cm^ so that the interfaces were brought into contact with each other. The discharge 
current at the initial terminal voltage of 3.8 V was 0. 1 mA/cm^ and the charging could be conducted at 0. 1 mA/cm^. It is 
possible to easily reduce the thickness of the battery in this Example and. therefore, a light-weight and large-capacity 
battery can be obtained. 
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Note) Monomer of the formula (1) 



CH2-O-4-CH2-CH2-O- 
CHo-CH-CHo-O— CH (1) 
O CHo-OH-CHp-CHp-0-4s-R 



Example 54 



Using ethylene oxide (98% by mol) and the monomer off the formula (1) (wherein and represented methyl 
groups, and m and n were 2)(2% by mol), a copolymerization was conducted by using the same catalyst and operation 
as in Example 1 . The composition of the resulting copolymer had ethylene oxide (99% by mol) and a monomer of the 
formula (1) (1% by mol). In the copolymer, the weight-average molecular weight was 1,200,000, the glass transition 
20 temperature was -69*'C and the fusion heat was 98 J/g. 

A film was formed from the resulting copolymer in the same manner as that obtained in Example 13. At that time, 
a mol ratio of added LiTFSI was adjusted so that a molar ratio of (the number of moles of UTFSi) to (the total number 
of moles of ether oxygen atoms of the copolymer) was 0.05. The conductivity of the solid electrolyte film was 1.1x10' 
S/cm at 25^C. 



EFFECT OF THE INVENTION 



The solid polymer electrolyte of the present invention is superior in processability, moldability, mechanical strength, 
flexibility, heat resistance and the like, and the ionic conductivity is remarkably improved. Accordingly, an application to 
30 electronic apparatuses such as targe-capacity condenser and display device (e.g. an electrochromic display) in addition 
to solid batteries (particularly secondary batteries), and an application to antistatic agent or antistatic material for rubber 
and plastic materials are expected. 



Claims 

1. A polyether copolymer having a weight-average molecular weight of 10^ to 10^, which is optionally crosslinked. 

comprising: 

(A) 0.5 to 99% by mol of a repeating unit derived from a monomer represented by the formula (1): 

CH^O-e-CH^CH^O->j5-R' 
CH— CH-CH-O-CH (0 
O CHjO— eCHj-CH^O- 



wherein each of and R^ represents a group selected from an alkyi group having 1 to 12 carbon atoms, an 
50 alkenyl group having 2 to 8 carbon atoms, a cycloalkyi group having 3 to 8 carbon atoms, an aryl group having 

6 to 14 carbon atoms, an aralkyl group having 7 to 12 carbon atoms and a tetrahydropyranyl group: and each 
of m and n represents numeral of 1 to 12; 

(B) 99.5 to 1% by mol of a repeating unit derived from a monomer represented by the formula (II): 

55 
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o 



: and 

(C) 0 to 1 5% by mol of a repeating unit derived from a monomer having one epoxy group and at least one reac- 
10 tive functional group. 

2. The polyether copolymer according to claim 1 , wherein the glass transition temperature measured by a differential 
scanning calorimeter (DSC) is not more than -60''C and the fusion heat is not more than 90 J/g. 

15 3. The polyether copolymer according to claim 1 , wherein the reactive functional group in the repeating unit (C) is (a) 
a reactive silicon group, (b) an epoxy group, (c) an ethylenically unsaturated group or (d) a halogen atom. 

4. The polyether copolymer according to claim 1 , wherein the repeating unit (C) is derived from a monomer of the for- 
mula (III-1) or (lli-2): 



20 
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CHo-CH— 

\/ (tIM) 
O 

^CH2-CH-R^ 
/ \ 

\ / (III-2) 
CH-CH ^ 
\ / 
O 

wherein and R"* represent a group having a reactive functional group. 

5. The polyether copolymer according to claim 1 . wherein the monomer having a reactive silicon group, which consti- 
tutes the repeating unit (C), is represented by the formula (lll-a-1 -1), (lll-a-1 -2) or (lll-a-2-1 ): 

CH2-CH-CH2-0-eCH2-h-Si— (lll-a-1 -1) 

V A' 



^ -.5 
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15 



20 



I 6 

^CH2-CH-tCH2tk— Si-R* (lll-a-2-1) 

CH2 CH2 
\ / 
CH-CH 
\ / 
O 

vnhef»n R^. and may be the same or different, but at least one of them represents an altoxy group and the 
renwnder represent an alkyi group; and k represents 1 to 6. 

6. Tb« ptjlyether copolymer according to claim 1 , wherein the monomer having a reactive silicon group, which consti- 
tutes the repeating unit (C), is 3-glycidoxypropyltrimethQxysilane, 3-glycidoxypropylmethylcGmethaxysilane, 4-<1 , 2- 
eposyKAA^imethoxysilane, 5-(1, 2-epaxy)pentyltrimethoi)(ysilane or 2-(3, 4-epQxycyclohexyi)ethyltrimethoxysi- 
lan« 

7. The po}y«9ter copoiymai according to claim 1 , wherein the monomer having two epoxy groups, which constitutes 
the tzpaatng urat (C). is represented by the formula (lll-b): 

CH^-^CH-R^-C— CHa (||,.b) 
O O 

30 

wherein is a divalent organic group. 

8. The po5yether copdymer according to claim 7. wherein the group in the formula (Ml-b) is 

35 

-CHj-CHCHA ' -CH A2.0)m-CH2-. 
<CH2U', or 
-CrtjO-Ph-OCHg- 

40 Wherein A' and A^ represent hydrogen or a methyl group; Ph represents a phenylene group; and m represents a 
nimierai of 0 to 12. 

9. The polyeth© copolymer according to claim 1 , wherein the monomer having two epoxy groups, which constitutes 
the repeating urut (C), is 2, 3-epoxypropyl-2'. 3'-epoxy-2'-methyl propyl ether or ethylene glycol-2, 3-epoxypropyl-2\ 

45 3*-epoxy-2'-methyl propyl ether. 

10. The polyether copolymer according to claim 1, wherein the monomer having an ethylenically unsaturated group, 
which constitutes the repeating unit (C), is represented by the formula (lll-c): 



so 



55 



CH2 — CH— ('"-c) 

V 

wherein is a group having an ethylenically unsaturated group. 
11. The polyether copolymer according to claim 1, wherein the monomer having an ethylenically unsaturated group. 
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which constitutes the repeating unit (C), is allyl glycidyl ether. 4-viny1cyclohexyl glycidyl ether, a-terpinyl glycidyl 
ether, cyclohexenylmethyl glycidyl ether, p-vinylbenzyl glycidyl ether, allylphenyi glycidyl ether, vinyl glycidyl ether. 
3, 4-epoxy-1-butene, 3. 4-epoxy-1-pentene, 4,5-epoxy-2-pentene, 1. 2-epoxy-5, 9-cyclodcxlecadiene, 3, 4-epoxy- 
1-vinylcyclohexene, 1. 2-epoxy-5-cyclooctene. glycidyl acrylate, glycidyl methacrylate, glycidyl sorbate, glycidyl 
cinnamate, glycidyl crotonate, glycidyl-4-hexenoate. oligoethylene glycol glycidyl ether acrylate having 1 to 12 
oxyethylene chains, oligoethylene glycol glycidyl ether methacrylate having 1 to 12 oxyethylene chains, oligoethyl- 
ene glycol allyl glycidyl ether having 1 to 12 oxyethylene chains or 

H2C^CHCH20(CHCH30)— CH-CH=CH2 
O CH^CI 

(n=1to12). 

1 2. The polyether copolymer according to claim 1 , wherein the monomer having a halogen atom, which constitutes the 
repeating unit (C). is represented by the formula (lll-d): 

O 

wherein is a group having at least one halogen atom. 

13. The polyether copolymer according to daim 1 , wherein the monomer having a halogen atom is 

CtH— CH-CH-X 
O 



wherein X represents a bromine atom (Br) or an iodine atom (I). 

14. The polyether copolymer according to claim 1 , wherein the polyether copolymer comprises 10 to 95% by mol of the 
repeating unit (A), 90 to 5% by mol of the repeating unit (B) and 0 to 10% by mol of the repeating unit (C). 

15. A solid polymer electrolyte comprising: 

(1) the polyether copolymer of claim 1 ; 

(2) an electrolyte salt compound; and 

(3) if necessary a plasticizer selected from the group consisting of an aprotic organic solvent, and a derivative 
or a metal salt of a linear or branched polyalkylene glycol having a number-average molecular weight of 200 to 
5,000 or a metal salt of the derivative. 

16. The solid polymer electrolyte according to claim 1 5. wherein the electrolyte salt compound (2) is a compound com- 
prising a cation selected from a metal cation, an ammonium ion, an amidinlum ion and a guanidium ion, and an 
anion selected from a chloride ion. a bromide ion, a iodide ion, a perchlo-ate ion, a thiocyanate ion, a tetrafluorob- 
orate ion. a nitrate ion. AsFe'. PFe'. a stearylsulfbnate ion, an octylsulfonate ion. a dodecylbenzenesulfonate ion, a 
naphthalenesufonate ion. a dodecylnaphthalenesulfonate ion, a 7, 7, 8. 8-tetracyano-p-quinodimethane ion, 
X^SOs". [(X^S02)(X2S02)N]-, [(X^S02)(X2S02)(X3S02)C]- and [(X^S02)(X2S02)YC]- (wherein X\ X^. X^ and Y 
respectively represent an electron attractive group). 

1 7. The solid polymer electrolyte according to claim 1 6. wherein X** . X^ and X^ independently represent a perf luoroalkyi 
or perf luoroaryl group having 1 to 6 cartx^n atoms and Y represents a nitro group, a nitroso group, a carbonyl group. 
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18. The solid polymer electrolyte according to claim 16. wherein the metal cation is a cation of a metal selected from 
U. Na. K. Rb. Cs. Mg, Ca and Ba. 

19. The solid polymer electrolyte according to claim 16, wherein the metal cation is a cation of a transition metal. 

20. The solid polymer electrolyte according to claim 16. wherein the metal cation is a cation of a metal selected from 
Mn» Fe. Co. Ni, Cu. 2n and Ag. 

21 . The solid polymer electrolyte according to claim 15, wherein the formulation ratio of the electrolyte salt compound 
to the polyether copolymer is so that a value of a molar ratio of the number of moles of the electrolyte salt com- 
pound to the total number of moles of oxyethylene units In the copolymer Is from 0.0001 to 5. 

75 22. The solid polymer electrolyte according to dalm 15. wherein the aprotic organic solvent Is an aprotic organic sol- 
vent selected from ethers or esters. 

23. The solid polymer electrolyte according to claim 15. wherein the aprotic organic solvent ts an organic solvent 
selected from propylene carbonate, y-butyrolactone, butylene carbonate and 3-methyl-2-oxazolidone. 

20 

24. The solid polymer electrolyte according to claim 15. wherein the aprotic organic solvent is an organic solvent 
selected from triethylene glycol dimethyl ether, triethylene glycol diethyl ether, tetraethylene glycol dimethyl ether 
and tetraethylene glycol diethyl ether. 

25 25. The solid polymer electrolyte according to dalm 15. wherein the number-average molecular weight of the pdy- 
alkylene glycol is from 200 to 2.000. 

26. The solid polymer electrolyte according to claim 15. wherein the polyalkylene glycol is polyethylene glycol or poly- 
propylene glycol. 

30 

27. The solid polymer electrolyte according to claim 15. wherein the derivative of the polyalkylene glycol is an ether 
derivative or an ester derivative. 

28. The solid polymer electrolyte according to claim 27. wherein the ether derivative of the polyalkylene glycol is any 
35 one of polyethylene glycd dimethyl ether, polyethylene glycol diethyl ether and polyethylene glycol diallyl ether. 

29. The solid polymer electrolyte according to daim 27, wherein the ester derivative of the polyalkylene glycol is any 
one of polyethylene glycol dimethacrylate ester, polyethylene glycol diacrylate ester and polyethylene glycol diac- 
etate ester. 

40 

30. The solid polymer electrolyte according to claim 15. wherein the metal salt of the polyalkylene glycol is any one of 
a sodium salt, a lithium salt and a dialkylaluminum salt. 

31. The solid polymer electrolyte according to claim 15, wherein the metal salt of the polyalkylene glycol is any one of 
45 a lithium salt of polyethylene glycol and a dialkylaluminum salt of polyethylene glycol. 

32. The solid polymer electrolyte according to daim 15. wherein the metal salt of the polyalkylene glycol derivative is 
any one of a lithium salt of polyethylene glycol monomethyl ether, a lithium salt of polyethylene glycol monoethyl 
ether and a lithium salt of polyethylene glycol monoallyl ether. 

50 

33. The solid polymer electrolyte according to daim 15. wherein the metal salt of the polyalkylene glycol derivative is 
any one of a dioctylaluminum salt of polyethylene glycol monomethyl ether, a dioctylaluminum salt of polyethylene 
glycol monoethyl ether and a dioctylaluminum salt of polyethylene glycol monoallyl ether. 

55 34. The solid polymer electrolyte according to claim 15. wherein the amount of the plasticizer is from 1 to 2.000 parts 
by weight based on 100 parts by weight of the polyether copolymer. 

35. A battery comprising the solid polymer electrolyte of claim 1 . a positive electrode and a negative electrode. 
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